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@ Automated storage library. 

(5?) An automated storage library includes a robo- 
tic picker (50) which moves linearly between 
linear and/or carousel storage shelves (10) to 
transport data storage cassettes (70) between 
the shelves and a data transfer device (30). The 
picker arm can swing in a vertical arc to access 
the tape stores on either side of its linear path. 
The arm also has at least one rotatable wrist and 
a pair of end effectors (60). A data storage 
cassette may be extracted from a data transfer 
device and the wrist rotated * the new cassette 
is inserted. This reduces the number of times 
the robot has to visit the tape stores. The verti- 
cal arc movement of the picker arm provides for 
accurate orientation of the effectors with res- 
pect to the shelves and the data transfer de- 
vices. 
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The present invention relates to a data storage 
and retrieval system. More particularly th present in- 
vention relates to a robotic system for storing and re- 
trieving larg amounts of data and to a robot f r use 
in such a system. 

It is a constant aim in data processing to provide 
means for data storage which is inexpensive and 
readily accessible to an operator of the data process- 
ing system. Storing very large amounts of data in 
main memory microchips is very expensive. Data 
may also be stored on peripheral storage devices 
which include magnetic tape storage devices, mag- 
netic direct access storage devices (DASD) and opt- 
ical storage devices. In some applications the amount 
of information which needs to be retained is vast and 
numerous disks or tapes are required for storing it 
Such tapes and disks have, in the past, been stored 
in libraries and loaded into peripheral storage devices 
manually before being accessed by a data processing 
system. This of course has an undesirable impact on 
the amount of time taken for a data processing system 
to access data stored in the library and furthermore, 
human labour is expensive. 

Automated storage libraries have been devel- 
oped to manage the storage of large amounts of tapes 
or disks with human intervention only being required 
for maintenance and fault f being. An automated stor- 
age library is usually a memory subsystem of a larger 
data processing system. An automated storage libra- 
ry usually includes: a plurality of storage shelves con- 
taining cells or slots for retaining data storage media 
such as magnetic tapes, magnetic disks or optical 
disks; a robotic picker mechanism; and one or more 
peripheral storage devices for transferring data be- 
tween the magnetic storage media and the main data 
processing system. When data is required by the data 
processing system the robotic picker is instructed to 
retrieve a data storage medium and load it into a per- 
ipheral storage device so that data may then be ac- 
cessed by the data processing system. The data stor- 
age media are usually stored in a cassette or cartridge 
so that they are more easily handled and less likely 
damaged by the robotic picker mechanism. Automat- 
ed storage libraries are usually enclosed within se- 
cure housing to reduce contamination on the storage 
media and prevent personnel from inadvertently in- 
terfering with the robot picker mechanism. 

An example of an automated storage library is 
the 3850 Mass Storage Subsystem for the storage 
and retrieval of magnetic tape modules which was in- 
troduced in the 1970's by IBM Corporation. More re- 
cently, automated storage libraries for magnetic disks 
and optical disks have been introduced. Modern data 
processing has reduced the amount of time taken to 
transf r data from a peripheral storage device to th 
central processor of the data processor. The time tak- 
en to fetch a data storage medium from a storag cell 
and load it into a peripheral storag device is limited 



byth capabilities f the robotic picker mechanism. 

US-A-4,907,889 describes a video cassette libra- 
ry retrieval and sequencing system. In this system the 
robot pick r m chanism is secured t the floor be- 
5 tween a video cassette machine and a rotary cassette 
carousel which holds the video cassettes. The rotary 
cassette carousel is arranged so that each cassette 
slot can be brought into a position which is accessible 
by the picker mechanism. The picker mechanism in- 
to eludes a pair of angularly offset cassette gripper ele- 
ments which can be operated independently of each 
other and are mounted on a cassette transfer arm 
which is itself mounted on the central column of the 
robot The pair of gripper elements are mounted on 
15 the cassette transfer arm for rotary movement along 
a predetermined path. Although the robot's retrieval 
time is favourable because of its limited movement, a 
disadvantage of this system is that the storage ca- 
pacity is limited to the number of video cassettes 
20 which can be stored on the carousel. In the system 
described, the storage capacity could be increased 
by the addition of another rotary cassette carousel 
but nevertheless the storage capacity is limited to the 
number of video cassettes which can be stored within 
25 reach of the static robot picker mechanism. 

An example of an automated storage library in 
which the storage capacity is not limited by movement 
of the robotic picker is described in DE-3918198-C1. 
In the tape archive described, the cassette tapes are 
30 stored in a plurality of aligned rotating storage carou- 
sels. The tape cassettes are read from tape reader 
units located near the end of the line of storage car- 
ousels or on either side of the line of carousels. The 
cassettes are delivered to the tape reader units by a 
35 pair of robotic pickers, one picker operating on each 
side of the line of storage carousels. Each robotic 
picker has a predefined action area which does not 
overlap with that of the other picker. Each of the ro- 
tating carousels can be brought into an access posi- 
40 tion for the first robot and the second robot A disad- 
vantage of this library is the expense of providing and 
maintaining two robots. 

Viewed from one aspect the present invention 
provides an automated storage library which compris- 
es es: a plurality of storage cells for storing data storage 
cassettes at an oblique angle with respect to the hor- 
izontal plane; one or more data transfer devices for 
transferring data between the data storage cassettes 
and a host processor, a robotic picker for transporting 
so data storage cassettes between the storage cells and 
one of the data transfer devices, the robotic picker 
comprising: a carriage coupled to a drive mechanism 
for moving the carriage between the storage cells 
and n ofth data transfer devices along a substan- 
55 tially horizontal axis; an arm attached to the carriage 
so as to be rotatabl in arc about the horiz ntalaxis; 
means for moving the arm in a substantially vertical 
directional ngth carriage; and a first pair of robotic 
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effectors mounted at ne ndofth arm for gripping 
data storage cassettes, th effectors b ing being ro- 
tatabi about an axis substantially parail Itoth arm, 
wherein the rob ticeff ctors are presented at th b- 5 
lique angle for removal and placement of data storage 
cassettes in the cells by means of the arcuate and lin- 
ear movement of the arm. 

The robotic picker, in accordance with the pres- 
ent invention, has 4-degrees of freedom. Each of the 10 
4-degrees of freedom serve a specific purpose. The 
arcuate movement of the arm means that cassettes 
can be picked from and piaced on shelves on both 
sides of the picker. The arm can swing the cassettes 
into the correct angle for placing or picking. An advan- 15 
tage of this is that the picker is more efficient in de- 
livering cassettes to the readers which means that 
the access time for data transfer to the host process- 
ing system is kept short 

In accordance with a preferred embodiment of 20 
the present invention, the automated storage library 
further comprises a second pair of robotic effectors 
mounted at the opposite end of the arm from the first 
pair, both pairs of effectors being substantially equi- 
distant from the horizontal axis. 25 

An advantage of having two pairs of end effectors 
is that more data storage cassettes can be transport- 
ed by the picker at any one time. It is much more ef- 
ficient, when the cartridges to be transported are lo- 
cated in the near vicinity of each other, to send the 30 
picker to fetch four data cassettes than to send it twice 
to fetch two cassettes. Another advantage is that mul- 
tiple pickers provide increased fault tolerance so that 
the ATL will still be able to operate even though some 
of the effectors may be non-functional. 35 

In accordance with another embodiment of the 
present invention, the automated storage library is 
enclosed within a housing envelope and the robotic 
picker is mounted on a substantially horizontal axis 
higher than the storage cells in the enclosure. ao 

An advantage of enclosing the ATL and suspend- 
ing the robotic picker from the top is that the ATL can 
be assembled almost anywhere without intruding on 
the floor area. There is no need to bolt down robot 
guide rails as in the prior art This also means that 45 
there is a reduced risk of injury to personnel entering 
the ATL 

In accordance with yet another embodiment of 
the present invention movement of the drive mecha- 
nism along the substantially horizontal axis and so 
movement of the arm along the carriage is chain driv- 
en. 

An advantage of the chain driven picker is that it 
is relatively inexpensive and is accurate. 

In order that the inventi n may be fully und r- 55 
stood preferred mbodiments thereof will now be de- 
scribed, by way of exampl nly, with reference to th 
accompanying drawings in which: 

Figure 1 sh ws a top plan view of one embodi- 



m nt of an automated storage library in accor- 
dance with the present inventi n; 
Figure 2 shows a sectional view along the line x- 
x of th automated storag library shown in Fig- 
ure 1; 

Figure 3 shows a sectional view along one of the 
shelving bays of the automated storage library. 
The line of the section is parallel to the line x-x 
which is shown in Figure 1; 
Figure 4 shows a side view of one of the end ef- 
fectors: It shows both grippers holding a cassette 
between their fingers; 

Figures 5a and 5b illustrate the operation of in- 
serting a cassette into a tape drive; 
Figure 6 shows an alternative embodiment of the 
automated storage library shown in Figure 1; and 
Figure 7 shows another alternative embodiment 
of the automated storage library shown in Figure 
1. 

The present invention will be described as em- 
bodied in an automated tape library (ATL) designed to 
automatically store and retrieve IBM 3480 type tape 
cartridges and perform an automated transfer be- 
tween a tape storage library and an IBM 3480 or IBM 
3490 tape drive or other suitable tape drives. 

Figure 1 shows a top plan view of an automatic 
tape library. IBM 3480 type tape cartridges are stored 
in cells or slots on shelves positioned at 10 on either 
side of the robot picker's axis of linear horizontal 
movement which is indicated at 20. Data transfer de- 
vices such as IBM 3480 or 3490 tape drives are locat- 
ed, according to one embodiment, at one end of the 
robotic picker's limit of linear horizontal movement 30. 
Alternative embodiments incorporating different pos- 
itions of the storage shelves and tape drives will be 
described later. The enclosure 40 houses the control- 
ler which is preferably an IBM PS/2 computer. The ro- 
botic picker or manipulator is instructed to move along 
axis 20, hereinafter referred to as the x-axis, and pick 
tape cartridges off the shelves and load them into the 
tape drives then return them to the shelves after data 
has been transferred to/from the host system. Each 
of the elements of the ATL will now be described. 

ROBOTIC MANIPULATOR 

Figure 2 shows a sectional view along the line x- 
x of the embodiment shown in Figure 1. The robotic 
picker mechanism, or manipulator, is a linear robot 50 
incorporating four degrees of freedom and preferably 
fitted with two double end effectors or grippers 60. 
The effectors are preferably mounted on the ends of 
arm 65 equidistant from the axis of rotation. In an al- 
ternativ mbodiment the th robotic picker may only 
have one pair of effectors mounted at the end of arm 
65. Each nd effector is capabl of picking, carrying 
and placing a cartridg 70. Only a few cartridges are 
sh wn positioned in si ts nth shelves 10 in Figure 
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2 in the int rest of th clarity f the drawing. F r th 
same reason th shelving in the vicinity of the picker 
mechanism has been shown partly cut away. It wfll be 
und rstood that in practice th sh Ives will be f Died s 
to capacity with cartridges. The four degrees of free- 
dom available to the picker are defined as follows: 
x-axis - linear horizontal movement 
z-axis - linear vertical movement 
R1-axis - rotational about x-axis to 
R2-axis - rotational about R1-axis 

The x-axis 20 is used to transport the picker lin- 
early along the ATL ie along the path indicated at 20 
in Figure 1. The z-axis 85, shown in Figure 2, moves 
the manipulator in a vertical direction in relation to the 1 5 
x-axis. The linear axes are protected at the end pos- 
itions by shock absorbers or bump stops and double 
pole limit switches (not shown in Figure 2). 

The R1 -axis 80 is used to present an end effector 
at the correct orientation for cartridge removal or in- 20 
sertton from a tape drive 30. The R1 -axis also enables 
either pair of end effectors to be used to place and 
pick cartridges from the shelves on both sides of the 
ATL. This is particularly useful in that it allows the ATL 
to continue to operate, but with a slightly degraded 25 
service, even although some of the end effectors are 
non-functioning. It also provides the clearance to re- 
move the cartridge from the shelves and correct any 
misalignment between the grippers. As can be seen 
from Figure 2, the cartridges are positioned in a vert- 30 
ical position. The shelves actually tilt downwards 
away from the centre of the ATL as is shown in Figure 
3. This enables the cartridges to drop back into a cell 
or slot when they are released from between the grip- . 
pens and thereby helps to prevent cartridges becom- 35 
ing lodged between grippers. The R1-axis presents 
the end effectors in front of a slot at the same incline 
as the shelves. The R1-axis can only be rotated its full 
amount within the safe z zone. The safe z zone is the 
area in the middle of the z stroke where the the R1- 40 
axis is clear to rotate without the gripper interfering 
with the top or bottom of the ATL machine. 

The R2-axis 90 is used to align an end effector to 
the precise angle of the cartridges on the shelves. It 
is also used to rotate between the top and bottom of 45 
a pair of grippers and correct any misalignment be- 
tween the grippers. 

The grippers are protected from any x,z and R1 
movement when picking or placing a cartridge by in- 
hibiting these movements when any gripper is ex- so 
tended. This is achieved using the four rodless cylin- 
der home position sensors (not shown), which control 
a relay in the main control cabinet or enclosure 40 to 
inhibit these movements. 

Th R1-axis of rotati n is protected by two safe 55 
to rotate proximity sensors located on tw separate 
vertical bare on the z-axis. The bars on th z-axis are 
offset, on located at th bottom of stroke extended 
to th middle of the safe z zone, th rotate positi n 



sensor. Th other bar extends t th xtremities f 
th safe z zone and is positioned in th middle of the 
z strok , called th saf z zone sensor. Th rotate 
position s ns r is used to determine wh re th z ro- 
tate carriage is positioned on startup. If the switch is 
high the carriage must move up towards the safe to 
rotate zone. If the switch is low the carriage must be 
moved down towards the safe to rotate zone. The 
safe to rotate zone sensor determines the limits of 
position when the R1-axis can be rotated. 

Four switches are mounted on a cam directly on 
the R1-axis and their uses will now be described. Two 
double pole limit switches at both ends of travel. 
These switches protect the wiring in the flexible drag 
link from becoming overextended and prevent the R- 
1-axis from making excessive rotational movement 
One proximity sensor determines which quadrant of 
the cam the R1-axis is positioned in on startup. This 
switch indicates to the control system in which direc- 
tion the R1-axis must move to reach the home posi- 
tion and therefore protects the cabling from excessive 
movement The second cam proximity sensor reacts 
on two small cams mounted opposite each other on 
one side of of the R1 main cam. This switch allows a 
small amount of R1 movement which is used to clear 
the cartridge from the shelves when the main rota- 
tional R1 movement is inhibited due to the gripper be- 
ing extended. 

The x,z and R1-axes motions can operate con- 
currently. The R2-axis moves independently of the 
other axes. This is to enable the gripper to place and 
pick cartridges with minimal movement 

ATL STRUCTURE 

In the preferred embodiment the robot picker 
structure is suspended on 80mm aluminium alloy 
square naturally anodised extrusions. The extrusion, 
as well as suspending the robot, houses the cartridge 
library shelves. Robot guide rails 100 are made from 
standard aluminium alloy extrusions and are posi- 
tioned above and below the line of shelves on one 
side of the ATL An advantage of this is that the ATL 
structure may stand on an existent firm floor or may 
stand on a false floor 80 as in the embodiment shown 
in Figure 2. There is no danger of disrupting the floor 
by bolting down guide rails as is the case in other au- 
tomated storage libraries. Furthermore by positioning 
the guide rails above and below the shelves the ATL 
of the present invention provides for easier movement 
within the ATL envelope for maintenance personnel 
and reduces the likelihood of them accidentally dam- 
aging the guide rails. 

Mov ment of th main carriage 55 of the rob tic 
pickeralongth x-axis is effected by means fachain 
120 and associated cogs on th main carriage. Move- 
nt ntofthe effector arm 65 fthe robotic pick r along 
th z-axis is also by means of a chain and associated 
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cogs. This chain is hou ed within the main car nag 
and the cogs are I cated on the eff ct r arm. 

Cables to the drives and end ff ctorsal ngthe 
linear x-axfs are protected in a fl xible trunking sys- 
tem 110 and are wide enough so that all cables and 
signal wires can lie flat in the trunking. These cables 
and signal wires terminate at both ends ie. the control 
cabinet and the R1-axis. The wire used is high flexible 
shielded cable. 

An input/output bay, indicated at 150 in Figure 1 
adjacent the control cabinet is provided for the remov- 
al and insertion of cassettes from and to the ATL The 
input area is half of a shelving bay and the output area 
is the other half. Access to the input/output bay is via 
interlocked doors. A roller shutter door located on the 
robot side of the input/output shelves is provided to 
protect an operator accessing the input/output area 
whilst the robot is operating. Interlocks are provided 
to prevent an operator from accessing this bay whilst 
the door is open and the shutter door is open. In op- 
eration the operator requests entry to either or both 
doors by a switch mounted near the doors. For it to be 
safe for the operator to access this area the roller 
shutter blind must be closed. The controller releases 
the shot bolt located in the safety switch assembly 
mounted above the input/output access doors allow- 
ing them to open. The roller shutter doors will not open 
until the external access doors are fully closed and 
the shot bolt is in position. The robot will not try to ac- 
cess either input/output area when they are in use by 
an operator but may continue to access the other 
shelving bays. 

An operator may physically enter t he ATL housing 
via a door indicated at 160 in Figure 2. This door is 
controlled using a capture key system, it cannot be 
opened unless the robot has been deactivated. Once 
deactivated the captive key located on the front of the 
control cabinet can be removed which must then be 
used to release the second captive key located in the 
door lock. 

SOFTWARE 

An IBM PS/2 Model 80 computer running Host In- 
terface software under the OS/2 EE V1.2 operating 
system provides overall system control and is located 
in an enclosure 40 within the ATL envelope. The PS/2 
controller is connected to the host - typically via a 
3270 connection, and receives 3480/90 related mes- 
sages. These messages are interpreted by the work- 
station software and ultimately sent out as ATL com- 
mands via a serial link to the ATL control hardware. 

The ATL software utilises several of the standard 
f atures built into this operating syst m. Four threads 
f x cution are provided under the IBM OS/2 Oper- 
ating Syst m, namely: 

- Host Interface 

- Control 



- R bot 

- User Interface 

Th interface to th MVShostisviatheEHLLAPI 

5 c mp nent of OS/2 EE. The host interface provides 
a consistent set of commands to the ATL. The host 
component of the software provides a standard set of 
commands to the ATL, making the PS/2 ATL software 
host operating system independent A handshaking 

10 sequence between host and PS/2 computer ensures 
that commands received from the host are acknowl- 
edged upon receipt by the PS/2 computer. The PS/2 
computer also notifies the host once the command 
has been completed by the ATL or if the command 

is was unable to be completed. The interface is also ca- 
pable of notifying the host of changes in status of the 
ATL. The PS/2 computer is capable of queuing host 
commands when demand for cartridges is high. 
An SQL database is maintained by the PS/2 com- 

20 puter. The database relates the cartridge volume ser- 
ial numbers to their physical locations in the storage 
racks in terms of the servo drive position coordinates. 
The database also contains "man readable" cartridge 
position information. Using the OS/2 EE Query Man- 

25 ager, reports and other details of the database can be 
obtained and hard copies obtained from a printer if re- 
quired. 

A separate thread of execution is used for the ro- 
bot control. Four base types of move operations are 
30 supported namely : 

- moves to load cartridges from storage loca- 
tions to tape drives. 

- moves to unload cartridges from tape drives to 
storage locations. 

35 - moves between storage locations. 

- composite moves which combine the load and 
unload operation into the same main axis 
movement 

Communication between the robot thread and 
40 the servo control cards is via an RS232 interface. 

An optimiser routine is used to group together 
host commands so that each of the above moves can 
be used with multi-g ripper combinations to utilise the 
capability of the robot's gripper system to give im- 
45 proved performance. 

A "Presentation Manager" style user interface is 
also provided. In the normal mode of operation the re- 
ceipt of commands from the host and their execution 
by the ATL is fully automatic. Other modes of opera- 
so tion are also supported, principal among these is a 
maintenance mode which is provided to support ad- 
ditional configuration and diagnostic type commands. 

END EFFECTORS 

55 

Th robotic picker is preferably fitted with two 
doubi end effectors indicated at 60 in Figure 1 . Each 
of thes nd effectors contain two pneumatic grip- 
p rs 200 which are shown more dearly in Figur 4. 
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Th grippers are fitted with fingers 210. Th y are 
m unted to a fixed plate on a flexible plastic sheet 
screwed to rodl sscylind r carriage. Th rod I ess cy- 
lind rend caps are screwed tog t her with a sheet of 5 
mu metal between them to make the end effector as- 
sembly. The end effector assembly is in turn attached 
to the end of the R2 axis shaft by clamping screws. 

Each gripper is capable of picking or delivering a 
cartridge 70. One of the gripper fingers islongerthan 10 
the other. The longer finger is used to engage the 
chamfer of a 3480 cartridge and square the cartridge 
upright prior to the smaller finger touching the side of 
the cartridge. This enables tighter packing of cartridg- 
es in the shelves and therefore a larger volume of car- is 
tridges in the same area. The longer finger is also 
used to assist the pick-up of the cartridge from a 3480 
type reader load position. By engaging the cartridge 
chamfer again the cartridge is aligned to the robot 
picking position. 20 

The gripper assembly is fitted with a cartridge 
guide 230. These guides are used for the following : 

1 . Protect the cartridge from any accidental dam- 
age. 

2. Insure a 'dean' pick. 25 

3. Guide the cartridge into the gripper. 

4. Support the cartridge during an R1 -axis move. 

The mu metal is an additional precaution to pro- 
tect the cartridge from the rodless cylinder main mag- 
netic piston if it is ever detached from the carriage. 30 

The rodless cylinders are used to save space. 
The rodless cylinder carriage movement uses a mag- 
net to connect it to the main cylinder and in the pre- 
ferred embodiment this magnet flux is set at 2kg 
breaking force. The jointing method is used to protect 35 
the gripper assembly and cartridge from damage 
should it be extended in error and collide with any sol- 
id object Sensors are mounted at either end of the 
rodless cylinder to enable the control system to detect 
if this error system is encountered. 40 

Mounted on the side of each pneumatic gripper is 
a double acting eject/flip cylinder connected to a bar 
220. On top of this bar are two fingers. The bar is guid- 
ed through two ground rods fitted in solid bearings. 
Mounted at the back of the eject assembly are two 46 
single acting square cylinders controlled by a single 
double acting solenoid. The solenoid treats both cy- 
linders as a single double acting cylinder. These cy- 
linders are used to angle the complete eject assem- 
bly. The eject assembly can move both in and out in so 
any gripper position, and flip up and down when the 
gripper is open and the eject assembly is extended. 
The eject bar is used during a placement operation to 
push the cartridge out of the gripper into the shelves. 
Th two fingers mount d nth eject bar are used in 55 
conjunction with the flip cylinder to angle the car- 
tridge into the load position in th 3480 type tape 
reader. In a 3480 type tap reader th tap has to be 
pushed downwards into a seated perative positi n 



after being inserted through the input slot The acti n 
of ins rting a cassett int a 3840 type tap reader Is 
sh wn in Figures 5a and 5b. In the case of placing a 
cartridge into a 3490 type tape reader th flip cylin- 
ders are not used. The action of inserting a cassette 
into a 3490 type tape reader is shown in Figure 5a. 

All end positions of each cylinder are monitored 
by sensors. In addition to pneumatic motion control 
sensors there are two part in place sensors. The first 
is a retro reflective sensor mounted on the side of the 
robot cartridge guide. It is aimed at the bar code label 
on the cartridge and set so as it can detect the pres- 
ence of a label on a cartridge and ignore a cartridge 
without a label. This sensor is called a part in shelve 
sensor and is used to verify: 

1. That the shelve slot contains a cartridge prior 
to the bar code reading and pick operation. This 
provides a means of verifying that the bar code 
reading operation can commence and prevents 
the system trying to read an empty position. 

2. That the shelve slot is free prior to a placing op- 
eration. 

3. That the cartridge has a bar code label prior to 
being accepted from the input gate into the sys- 
tem. 

4. That the 3480 tape reader door is either open 
or closed prior to a placement operation. 

The second retro reflective sensor is mounted at 
one end of the ejector bar. This sensor is used to ver- 
ify: 

1 . That the cartridge has not moved significantly 
in the gripper fingers during any transport oper- 
ations. 

2. That the cartridge is properly placed during a 
picking operation. 

3. That the gripper fingers have not pushed the 
cartridge out of the shelves. 

Each end effector has a barcode reader attached 
to the z carriage. This reader will be used to verify the 
identity of the cartridge each time it is accessed. 

There are a number of sensors mounted on each 
end effector, these will now be described : 

Each gripper preferably has the following sen- 
sors: 

Rodless Cylinder In - detects the home position 
of the gripper. 

Rodless Cylinder Out - detects the picking posi- 
tion of the gripper. 

Gripper Open - verifies that the gripper is ready 
to receive a cartridge. 

Gripper Closed - verifies that the cartridge has 
been successfully secured. 

Gripper Overtravel - detects if a cartridge has not 
been secured. 

Gripp r Part-In- Place - ensures thatthe cartridg- 
s are correctly placed within the gripper. 

Sh Iv PartinPlac - detects If a cartridg is c- 
cupyingasl tinth sh Ives. 
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Eject Cylind r Out - to nsure that th j ct cy- 
linder has moved to its full stroke. 

Eject Cylinder In - T nsure that th ject cylin- 
der has returned to its h me positi n. 5 

Rip Cylinder End of Travel - to ensure that the flip 
cylinder is returned to the home position. 

In the preferred embodiment the three gripper 
sensing conditions are performed by two sensors. 
Using a combination of sensors the following states 10 
are observed : 

Cylinder Out, Gripper Closed, Part-in-Place - de- 
tects a successful pick. 

Cylinder Out, Gripper Closed, No-Part-in-Place - 
detects an unsuccessful pick. The cartridge has 15 
moved beyond the shelve stop. 

Cylinder Out, Gripper Overtravel, No-Part-in-Pla- 
ce - detects that the gripper has pushed the cartridge 
beyond the back shelve stop. 

Cylinder in, Gripper Closed, Part-in-Place - de- 20 
tects that a cartridge has been successfully moved in- 
side the gripper body. 

Cylinder In, Gripper Closed, No-Part-in-Place - 
detects that a cartridge is not correctly located in the 
gripper. 25 

Cylinder In, Gripper Overtravel, No-Part-in-Place 
- this state is used to confirm that the gripper is empty 
during initialisation routines. However if this condition 
occurs during a pick cycle the gripper must have drop- 
ped the cartridge and will be interpreted as an error. 30 

Each end effector has a bar code reader mounted 
at 90* to the gripper and attached to the z carriage. 
Each time a cartridge is accessed it is scanned and 
verified correct by the control system. 

35 

OPERATION 

A robot "pick and place" cycle will now be used as 
a basis to describe a cycle of operation. The following 
description describes the 'picking' of a cartridge from 40 
the racks, the removal of a cartridge from a 3480 tape 
drive and the placement of the cartridge into the tape 
drive referred to as a 'Composite Move'. It is assumed 
that 

a) the 3480 tape drive is situated on the opposite 45 
side of the aisle from the cartridge 'picking' pos- 
ition in the storage racks. 

b) positional information for the X and Z axes will 
be communicated to the servo drive controllers 
from the controlling PS/2 computer. so 

c) rotational coordinate information resides with- 
in the servo controllers) memory. 

d) a rotation about the R1 axis is not required for 
the initial cartridge 'pick* from the racks. 

) there are n cartridges currently in any fthe 55 
grippers. 

f) th grippers are initially tying in the horizontal 
transfer position. 
Th start of th cycle begins with the control system 



m ving the X and Z axes concurrently to 
the 'pick* positi n-th sh Iv I cati n containing th 
cartridge requested by the control system. The con- 
trol syst m will also mov th gripper n the R2 axis 
through 90*, into a vertical position to pick the car- 
tridge. A bar code reader is mounted in a position such 
that, with the gripper at the cartridge transfer posi- 
tion, it is in position ready to scan the bar code label 
on the tape cartridge. After reaching the 'pick' posi- 
tion and the part in shelve sensor is active, the servo 
control program signals - 'pick position reached', to 
the controlling PS/2 computer so that it can command 
the bar code reader to verify the serial number. If the 
serial number corresponds to that retrieved from the 
PS/2 database the PS/2 computer will send a com- 
mand - 'pick cartridge', to the servo/PLC control pro- 
gram. The control system checks that the gripper is in 
the open position and the gripper then moves in to pick 
the cartridge. The gripper sensor combination, 'Cylinder 
In' 'Gripper Closed' and 'Part-ln-Place' detect that the 
cartridge has been successfully picked. The R2 axis 
rotates upwards to clear the cartridge from the shelve 
stops and the cartridge is withdrawn to complete the 
pick operation. The robot then moves to a position 
outside the tape drive, ready to receive the ejected 
cartridge from the 3480. Once the Z axis has reached 
the safe Z position, the R2 axis can be rotated 
through approximately 187 * to the correct approach 
angle for tape transfer to/from the tape drive. The R1 
axis also rotates through 90* to the horizontal 
plane. At this point in the movement cycle, the empty 
gripper has been positioned outside the tape drive 
door, ready to receive the ejected cartridge. A part in 
shelve sensor mounted on the gripper guide is used 
to detect if the tape drive door is open or not If the 
drive door is not open, the control software tests for 
the 'open' condition every 2 seconds - up to a maxi- 
mum timeout period. After the door has opened, the 
gripper will wait 0.5 seconds before removing the car- 
tridge. The location of the cartridge in the gripper will 
be checked before any further axes moves are per- 
mitted. If the an unsuccessful pick condition is detect- 
ed the servo controller communicates this informa- 
tion back to the controlling PS/2 computer as an error 
condition. After the cartridge has been successfully 
picked the R2 axis will then be rotated through 180 
degrees and the X, Z and R2 moved to the place pos- 
ition. The robot will move from the area of the tape 
drive door and a pneumatic cylinder attached to the 
tape drive will close the door. The ejected cartridge 
that has been removed from the 3480 is then trans- 
ported back to its shelf location within the library. Af- 
ter the cartridge has been replaced, the control sys- 
tem signals the controlling PS/2 computer to verify 
the bar coded serial number. If it Is incorrect, th tape 
will be removed from the racks and transported to an 
output locati n. An appropriate rror message will be 
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g nerat d by the controlling PS/2 computer. After the 
ATL has finished accessing th tape drives, th car- 
tridges which have been removed from the drives will 
b taken ith r.toth utputbay, r replaced int th 5 
storage shelves. The end effectors are capable of 
carrying up to 4 cartridges simultaneously. The trans- 
port journeys are reduced and time is saved during 
high utilisation periods. To save power, a configurable 
feature is preferably provided to allow the manipulator 10 
to automatically park in the maintenance bay, with 
power off the axis motors, when the ATL utilisation is 
low. The preferred configured time for this feature to 
be activated is if the host has not requested a com- 
mand for 10 minutes and all the tape drives are emp- 1 5 
ty. There is a performance deterioration using this 
feature on the first movement command from the host 
after automatic shutdown which amounts to a few 
seconds additional delivery time on the first tape re- 
quested. This deterioration is due to having to reset 20 
the manipulator position to the control cards before 
the machine is allowed to move. Other modes of op- 
eration are listed below - 

Cartridge transports from rack storage locations 
to the output rack locations; Cartridge transports from 25 
input locations to rack storage locations; Cartridge 
transports from input locations to tape drives; Car- 
tridge transports from tape drives to output locations; 
and Sequential stepping to successive rack locations. 
This will be used to compare the physical database 30 
with that residing on the PS/2 computer under certain 
circumstances. 

SHELF LAYOUT 

35 

The automated storage library in accordance 
with the present invention is preferably of modular de- 
sign. Figure 6 shows an alternative embodiment to 
that shown in Figure 1. In Figure 1 the data transfer 
devices are located at the end of the robots line of ao 
travel. In Figure 5 shelves are located atthe end of the 
robots's line of travel. Figure 7 shows yet another em- 
bodiment in which some of the linear shelving has 
been replaced by carousel type shelving. Rotating 
carousel shelving provides an increase in the storage 45 
capacity of data cartridges and still presents the 
same area of shelving directly to the robot. The ar- 
rangement of linear and carousel shelving is a matter 
of design choice. 



Claims 

1. An automated storage library comprising: 

a plurality fstorag ceils for storing data 55 
storage cassettes at an biique angle with re- 
sp ct to the horizontal plane; 

n r mor data transfer d vices for 
transf rring data betw en th data storage cas- 



settes and a host processor; 

a rob tic picker f r transporting data stor- 
age cassettes betw enth storag cells and ne 
f the data transfer devices, th robotic picker 
comprising: 

a carriage coupled to a drive mechanism 
for moving the carriage between the storage 
cells and one of the data transfer devices along 
a substantially horizontal axis; 

an arm attached to the carriage so as to be 
rotatable in an arc about the horizontal axis; 

means for moving the arm in a substantial- 
ly vertical direction along the carriage; and 

a first pair of robotic effectors mounted at 
one end of the arm for gripping data storage cas- 
settes, the effectors being being rotatable about 
an axis substantially parallel to the arm, wherein 
the robotic effectors are presented at the oblique 
angle for removal and placement of data storage 
cassettes in the cells by means of the arcuate 
and linear movement of the arm. 

2. An automated storage library as claimed in Claim 
1 further comprising 

a second pair of robotic effectors mounted 
at the opposite end of the arm from the first pair, 
both pairs of effectors being substantially equi- 
distant from the horizontal axis. 

3. An automated storage library as claimed in any of 
Claims 1 or 2 wherein the automated storage li- 
brary is enclosed within a housing envelope and 
the robotic picker is mounted on a substantially 
horizontal axis higher than the storage cells in 
the enclosure. 

4. An automated storage library as claimed in any of 
the preceding Claims wherein movement of the 
drive mechanism along the substantially horizon- 
tal axis and movement of the arm along the car- 
riage is chain driven. 
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